Abstract. The metal magnetic memory testing technique was used to detect the magnetic properties of Q235 steel specimens under uniaxial tensile load. In this work, a new gradient Kxy was proposed, which is normal component of magnetic memory signal in the two directions where length and width of the specimen. The results show that it has a good correspondence with the stress concentration area in the elastic stage, the location of the stress concentration of the tested specimen can be determined by Kxy, it solves one problem that the position of the stress concentration is not accurate by zero crossing point of the normal component of magnetic memory signal curve of a single track line on the surface of the specimen.
Introduction
The Metal magnetic memory (MMM) testing is a passive magnetic nondestructive testing technology, which presented by the Russian scholar DOUBOV A A at the fifty international welding conference in San Francisco in 1997 [1] [2] [3] . The technology is under the condition of geomagnetic field, and ferromagnetic material is subjected to a load, stress concentration region of the magnetic domain structure of irreversible change in stress, furthermore, the self magnetic flux leakage (MFL) field is formed in the stress concentration region. That is to say, the produced magnetic field can be preserved even after the applied load has been removed, and the function of "memory" would be produced in the stress concentration area, which result the metal magnetic memory phenomenon [4] .
MMM technology was introduced into China in the late 90s, and is considered as a unique nondestructive testing method which can be used to diagnose the damage of ferromagnetic components. At present, most of the experimental studies, the location of the stress concentration is determined by the normal component of magnetic filed crosses the zero point on the surface of the specimen. Zhifang Liang [5] carried out the metal magnetic memory testing of the X70 pipeline steel prefabricated crack specimens. It is verified that there is not a Zero-Crossing phenomenon in the position of the magnetic field where the stress concentration exists. The experiments of Fan Hao et al [6] were carried out on the axial tensile test of Q345B specimens, and the results show that there are many zero crossing points in the normal component of magnetic field at the initial stage. In the loading process, zero position was gradually change with the increase of tensile load. Therefore, it is not reliable to judge the stress concentration position of the specimen by measuring zero crossing point of the line to the magnetic memory signal curve. To solve this issue, this paper takes the Q235 steel with artificial defects as the research object. The mesh is divided into the tested area near the defect, and collects the normal component of magnetic field signal. Research to the relationship between a gradient signal in two directions and stress concentration, which in order to obtain a more reliable method for judging the stress concentration position of tensile specimen. For the reason that the components are being elasticity deformation under normal working condition, which the internal stress is more obvious. In this study, the uniaxial tensile test and the change of the magnetic memory signal gradient of the Q235 steel in elastic stage are studied.
Experimental Scheme

Specimen
Testing material used was Q235 low-carbon steel with 2-mm-thick, which is commonly used in engineering structures. The material's chemical composition and mechanical properties are listed in Tab 1 and Tab 2. The specimen is a plate with a circular hole in the middle, specification is 
Experimental Equipment
The static load tensile test was carried out on the MTS E45 electronic universal testing machine, the demagnetizer of specimen is TC-2. The EEC-2004 was used to detect the normal leakage magnetic field on the surface of the specimen.
Experimental Method
Firstly, the initial specimen for demagnetization is in order to eliminate the influence of material self magnetic leakage intensity. Before the experiment, it is found that the yield load of specimen is about 5kN by the tensile test, in order to fully understand the change of stress in the elastic stage, the specimens were loaded from 0kN to 5kN for magnetic memory testing. The tensile testing machine is still loaded at the speed of 1mm/min to a predetermined load, and unloaded at the speed of 2mm/min. Finally, the specimen was taken offline for magnetic memory testing. The entire operation was carried out under laboratory conditions, and external environment was a constant geomagnetic field.
Experimental Result The Distribution of Normal Component of Magnetic Memory Signals
In order to show the magnetic field distribution of the entire detection area directly, the 3D view of the surface normal component of magnetic memory signal is obtained, the L axis represents the test line in the length direction and W axis represents the test line in the width direction of the specimen. Vertical axis represents the measured normal value of the magnetic field strength, all above is shown in Fig. 2 . The range of normal component of magnetic field intensity and peaktrough in different tensile loads as shown in Tab 3. It can be seen from the Fig 2, specimen after stretching, original distribution of the normal component of magnetic memory signal began to emerge convex and concave phenomenon in the vicinity of the central hole position, and with the increase of the tensile load, this trend is more and more obvious, and gradually formed a peak -trough phenomenon. 
Tensile load
F(KN)
Range of normal component of magnetic field intensity Hp(y)(A/m)
The range of peaktrough ( )
The values in Tab. 3 can be used to explain this phenomenon more accurately. The specimen under tensile loading test has changed internal domain structure, and generates a magnetic field [7] [8] in the surface of the component, so strength of the magnetic field reflected on the surface of the specimen has changed.
The Gradient Variation of Normal Component of Magnetic Field
In order to investigate the relationship between the gradient of the normal component of magnetic memory signal in the two directions of the plane length and width of the specimen and the stress concentration area of the specimen after loading. Therefore, in the entire detection area of the test piece, the gradient of the normal component of magnetic field intensity in the two directions of the length and width of the detection plane is calculated.
Gradient of specimen length: (2) According to the formula:
Finally, summarizes the regularity of gradient in entire detected areas. m and n represent the number of rows and columns of the detection points, From Fig. 3(F=0KN) can be seen, no load was applied when the gradient value of the larger local concentration in the specimen edges, which may be related to sample processing, but on the entire specimen are small, and gradient distribution is more uniform. From Fig. 3 (1~5KN) , it is found that with the increase of the tensile load, the maximum value of the gradient is completely concentrated in the vicinity of the center hole, and the specimen loading is bigger, this phenomenon will be more obvious. With the increase of tensile load, the normal component of magnetic field intensity gradient is located in the 
Simulation Analysis and Discussion
Establishment of Finite Element Model
In order to get a better understanding of the stress change in the tensile process, mechanical simulation of the specimen in the elastic stage was carried out by COMSOL, and compared with the experimental results of the normal component of magnetic memory signal gradient, Furthermore, the feasibility of judging the stress concentration of the specimen by the gradient of the normal component of magnetic memory signal in two directions is verified.
In the process of simulation simulated specimens are consistent with actual specimens in shape and size. The material is Q235 steel, Young's modulus is 203GPa, density is 7850kg/m 3 , Poisson's ratio is 0.33.
Simulation Analysis
In the process of simulation, a fixed constraint is applied to the specimen, and the other end of the specimen is subjected to tensile load. The simulation results of the simulation are shown in Fig. 4 . According to the observation of the stress distribution, the stress concentration area of the specimen is located near the center of the round hole, the location of stress concentration is larger in the upper and lower edge of the central hole in the tensile direction, and with the increase of tensile load, the stress increased. However, the stress of the two ends of the round hole is smaller in the tensile direction of the specimen, which is due to the result that the circular hole is stretched in the direction, and the direction is restrained and the result is [10] . The results obtained from the simulation are compared with the experimental results obtained from the experimental results.
First of all, in the simulation, the stress concentration is located in the upper left, lower left, upper right and lower right part of the central hole, this is in good agreement with the experimental values of the normal component of magnetic memory signal; secondly, it can be seen from the simulation that with the increase of the tensile load, the stress in the specimen increases, and the gradient value of the normal component of magnetic memory signal is also increased. In summary, the variation of the stress concentration in the specimen can be reflected by the gradient of the surface normal component of magnetic memory signal in the two directions of the length and width of the specimen, it is proved that it is feasible to judge the stress concentration position of the tensile specimen by the gradient of the normal component of magnetic memory signal in the two perpendicular directions.
Conclusion
(1)In the elastic stage, the amplitude of the magnetic field intensity increases with the increases of the tensile load in the tested area, and the change of normal component of magnetic memory signal is the strongest where near the center hole defect. Peak -trough phenomenon is more obvious with the increase of the load, and amplitude also increases.
(2)This paper presents a method for calculating the gradient of the normal component of magnetic memory signal in the long and wide direction, and stress concentration can be accurately determined by the gradient nephogram.
(3)The values of surface normal component of magnetic memory signal and the internal stress of the specimen is increased with the increase of tensile load, and the larger value of the magnetic memory signal gradient is, the larger stress concentration of the test piece is, there is a positive correlation between the stress value and the gradient value of the normal component of magnetic memory signal.
